Background: This study was conducted to describe present and changing trends in surgical modalities and neoadjuvant chemotherapy (NACT) in female breast cancer patients in China from 2006 to 2015. Methods: Data of 44 299 female breast cancer patients from 15 tertiary hospitals in Beijing were extracted from hospitalization summary reports. Surgeries were categorized into five modalities: breast-conserving surgery (BCS), simple mastectomy (SM), modified radical mastectomy (MRM), radical mastectomy (RM), and extensive radical mastectomy (ERM). Results: In total, 38 471 (86.84%) breast cancer patients underwent surgery: 22.64% BCS, 8.22% SM, 63.97% MRM, 4.24% RM, and 0.93% ERM. Older patients (> 60) underwent surgery more frequently than younger patients (< 60). The proportion of patients who underwent BCS was highest in the age ≥ 80 (39.24%) and < 40 (28.69%) subgroups and in patients with papillary carcinoma (35.48%), and lowest in the age 60-subgroup (18.17%) and in patients with Paget's disease (19.05%). SM was most frequently performed in patients with Paget's disease (29.00%), and MRM for ductal (64.99%), and lobular (63.78%) carcinomas. During the study period, the proportion of patients who underwent MRM dropped by 29.04%, SM and BCS increased from 15.78% and 30.83%, respectively, and NACT increased in all subgroups, particularly in patients with lymph node involvement (26.72%). Conclusions: Surgical modalities varied significantly by age and histologic group. The use of BCS and SM increased dramatically, while MRM declined significantly. The proportion of patients treated with NACT has increased significantly, especially in patients with lymph node involvement.
Introduction
Breast cancer is the most frequently diagnosed cancer in women worldwide 1 and the most common cancer in Chinese women, with cases in China accounting for 12.2% of all newly diagnosed breast cancer cases worldwide. 2 Surgery has proven to be an efficient treatment for malignant primary breast cancer. With improvement in scientific understanding of cancer metastasis biology, surgical modalities for breast cancer have been changing. 3, 4 In "radical mastectomy:" en bloc removal of the breast, the muscles of the chest wall, and the contents of the axilla. 5 More aggressive surgical modalities, such as extensive radical mastectomy, have been developed to improve patient survival during surgery. 4 However, evidence indicates that cancer cells may spread to other parts of the body long before the primary solid tumor is detected. 6 Regional excision may not be the cure for cancer. 7 Breast conservation therapy (BCT) is comprised of lumpectomy, axillary lymph node evaluation, and adjuvant radiation therapy and is considered an efficient alternative to mastectomy for early-stage breast carcinoma. [8] [9] [10] Long-term follow-up studies have reported that radical mastectomy does not offer an advantage in disease outcomes for early-stage breast cancer patients compared with BCT and other less extensive surgeries. [11] [12] [13] [14] [15] [16] Furthermore, compared with mastectomy, breastconserving surgery (BCS) causes less physical disfigurement and psychological trauma. The quality of life for patients after BCT continues to be debated. [17] [18] [19] The differences in stigma and psychological condition between surgery modalities is controversial. 20 Neoadjuvant chemotherapy (NACT) is defined as the application of systematic therapy prior to breast surgery. NACT is conducted to convert an inoperable locally advanced breast tumor into an operable one or allow for breast conservation by reducing the volume of the tumor or eliminating potential tumor cells in lymph nodes. 21 NACT has increasingly been applied to patients worldwide. [21] [22] [23] However, there is concern that administering NACT delays surgery and therefore may mean more extensive surgery is required. [24] [25] [26] Complications and side effects are also major issues. 27 Large multi-center studies conducted in Australia, Asia, Europe, and the United States (US) have shown that NACT could achieve pathological complete response in HR−/HER2+ and triple negative tumors, which serves as a strong prognostic factor for longer overall survival. 21, [28] [29] [30] This study was conducted to describe the utility of surgical modalities in different age and histologic groups and to determine the changing trends between 2006 and 2015.
Methods
Patient records were obtained from the database of hospitalization summary reports (HSR). Every hospital in China is required to submit electronic HSRs to a centralized health information system annually by the Chinese Ministry of Health.
There We searched discharge data for records of female patients diagnosed with primary invasive malignant neoplasms of the breast (ICD-10 code C50, C50.0-C50.9). According to medical record standards, one code exclusively represents one patient in a certain hospital; therefore we could identify the first admission of a patient in each hospital. We excluded patients who were first admitted for postoperative chemotherapy or radiotherapy, follow-up visits, or had undergone breast surgery when first admitted. We then extracted the first biopsy test results to confirm clinicopathologic types and excluded patients without biopsy results. In total, the medical records of 44 299 first treated female breast cancer patients were obtained, of which 38 471 (86.84%) underwent surgical treatment (Fig 1) .
We categorized the surgeries into five modalities: BCS (lumpectomy with or without axillary dissection, ICD9: 85. 20 The rate of hypertension was higher in the group that underwent surgery (P < 0.001). No significant differences were observed between groups in regard to marital status, ethnicity, or rate of diabetes. Ductal carcinoma (86.67%) was the leading clinicopathological type of breast cancer extracted, followed by lobular and other ductal carcinoma (4.15%). Lobular (2.96%), mucinous (0.52%), medullary (2.24%), and papillary (0.98%) carcinomas, and Paget's disease (0.58%) were relatively rare. The proportion of patients with "other" types who did not undergo surgery was obviously higher than those who underwent surgery. The proportion of all clinicopathologic types of patients who underwent surgery, except mucinous carcinoma, was relatively higher (P < 0.001) ( Table 1) . The proportions of different surgical modalities in each age subgroup varied (P < 0.001). The proportion of patients who underwent BCS was highest in the ≥ 80 subgroup (39.24%), followed by the < 40 subgroup (28.69%), and lowest in the 60-subgroup (18.17%) (Fig 1) . The proportion who underwent ERM was highest in the ≥ 80 subgroup (4.72%) and lowest in the 50-subgroup (0.36%). The proportion of patients who underwent RM was similar in each age subgroup (3.96-4.78%). MRM was most frequently conducted in the 50-(68.23%) and 60-(47.54%) subgroups and was least common in the ≥ 80 subgroup (38.85%). The proportion who underwent SM was highest in the ≥ 80 subgroup (13.12%) and lowest in the < 40 subgroup (13.88%) (Fig 2) .
Histologic types and the choice of surgical modality
The proportion of patients treated using the same surgical modality between histologic types also differed (P < 0.001). BCS was lowest in patients with Paget's disease (19.05%) and highest in patients with papillary carcinoma (35.48%), followed by medullary carcinoma (33.33%). Proportions of BCS conducted in patients with lobular (22.52%) and ductal (22.05%) carcinoma were also relatively low. BCS in mucinous (26.50%), lobular/ductal (26.31%), and papillary (35.48%) carcinoma patients were high. Patients with Paget's disease (29.00%) most frequently underwent SM, while MRM was conducted most frequently in patients with ductal carcinoma (64.99%), followed by lobular carcinoma (63.78%). The proportion of patients who underwent RM was similar between histologic types (2.03-4.36%) (Fig 3) . The proportion of patients with both metastatic tumors and lymph node involvement nearly tripled from 5.49% to 13.38%, while the proportion of patients with only lymph node involvement (0.80% to 7.22%) or metastatic tumors (2.20% to 2.09%) also moderately increased during the study period (Fig 4) .
Characteristics and changing trends of neoadjuvant chemotherapy administration
Of the 44 299 breast cancer patients, 10 153 (22.92%) were administered NACT. The proportion of older patients (> 70 subgroups) administered NACT before surgery was significantly lower than younger patients (< 70 subgroups) (7.95% vs. 24.86%; P < 0.001). The younger subgroups accounted for over 23%, while the older subgroups accounted for < 10%. NACT was most frequently administered before RM (35.15%), MRM (24.87%), and BCS (22.02%). The proportion of patients treated with NACT before SM was relatively low (14.01%), but was most uncommon in patients who underwent ERM (8.4%). Patients treated with chemotherapy in one hospital but who had undergone or were planning to have surgery were classified as a "no surgery" subgroup.
Neoadjuvant chemotherapy was most frequently administered to patients with lobular/ductal carcinomas. The rates of patients with ductal (23.17%), lobular (22.18%), and mucinous (22.94%) carcinomas were relatively high compared to patients with medullary (11.50%) and papillary (7.57%) carcinomas and Paget's disease (10.89%).
Based on discharge data, 3.75% patients were diagnosed with lymph node involvement when first admitted, 1.93% with metastatic tumors, and 9.30% with both. The proportion of patients with lymph node involvement treated with NACT when first admitted was the highest (33.88%; P < 0.001), while patients with metastatic tumors in bones or organs (brain, liver, or lung), neither lymph node involvement nor metastatic tumors, and both were 25.00%, 22.63%, and 20.74%, respectively (Table 2) .
During the decade following 2006, the proportion of patients treated with NACT in the "neither" subgroup fluctuated, rising sharply in 2006 by 15.92% and in 2009 by 16.84%, and has remained relatively stable since. The proportion of patients with only lymph node involvement treated with NACT increased by 26.72% over the study period, peaking at 39.72% in 2014. In the subgroup with both lymph node involvement and metastatic tumors, a continuous increase since 2007 (8.62-24.38%) was observed. The subgroup with metastatic tumors only experienced significant fluctuation during the study period (Fig 5) . 
Discussion
The mean age at diagnosis in the present study was 53 years, which was higher than reported in many hospitalbased epidemiological studies of breast cancer in China. [31] [32] [33] [34] [35] A multi-center clinical epidemiological study in western China reported that approximately 96.8% of hospitalized breast cancer patients underwent surgery. 32 The proportion of patients who underwent surgery in the present study was 86.84%, lower than in the previous study. This difference is primarily because the previous study only included one or two hospitals in each city, while the patients in our study may have undergone surgery in one hospital but were treated in several others. 32, 36 The influence of age on the choice of treatment modes has been discussed by previous studies. Older patients are more likely to undergo SM or BCS, and are less likely to receive adjuvant chemotherapy or radiotherapy. 37 However, elderly patients are often insufficiently treated, which decreases their cancer-specific survival. 38 Research of the prognosis of patients who underwent breast cancer surgery reported that the survival rate in patients aged > 70 years did not differ significantly from that of younger patients, indicating that surgical treatment should not be avoided for elderly patients because of their advanced age. 39 European Society for Medical Oncology clinical practice guidelines for primary breast cancer recommend that a treatment decision should not be determined solely by a patient's age. Other factors should be taken into consideration in conjunction with age. 40 Ongoing debate over the choice of surgical modalities has fueled the development of BCT and mastectomy. Several prospective randomized clinical trials were designed to evaluate the safety and efficacy of BCT and confirmed that BCT and mastectomy had comparable effects on mortality, indicating that BCT was a safe treatment for primary early-stage breast cancer patients. 41 A long-term follow-up study reported no significant difference in contralateral breast cancer incidence between patients who underwent mastectomy or BCT. 16 Other research has argued that although the local-regional recurrence rate is similar between BCT and mastectomy in patients with early-stage breast cancer, in those with late-stage breast cancer, mastectomy can significantly lower the rate. 42 Furthermore, few differences in quality of life and symptom burden were observed between patients who underwent BCT and those who underwent mastectomy. 17, 43 However, BCT may cause a higher risk of discomfort in the chest area and poorer sexual well being. 44 The choice of surgical modality in patients of different ages has also been examined. An observation study in the US reported that BCT could achieve excellent clinical outcomes in elderly women. 45 However, the proportion of BCT conducted in elderly women in general is relatively low. A multicenter epidemiological study in China observed that radical surgery was more frequently performed in older patients, while BCT was more common in young patients. 32 Yu et al. observed that from 1990 to 2004, BCS was mainly performed in younger patients, while most patients aged > 70 underwent SM or MRM. 46 In the present study, the proportion of patients who underwent BCS was lowest in the 60-70 subgroup and high in both young (< 40) and elderly (≥ 80) patients. A study in the Netherlands showed that older patients might wish to avoid the daily hospital visit required for radiotherapy, as well as the limited mobility experienced and reliance on others. A higher proportion of elderly patients (≥ 80) develop disabilities and require daily care in China. 47, 48 By contrast, young patients favor BCS because of lesser physical disfigurement and psychological trauma. 49 This may explain why patients aged 60-70 are less likely to undergo BCT.
A study based on the Surveillance, Epidemiology, and End Results database observed that the proportion of patients who underwent BCT varied significantly between breast cancers of different histologic types, with the highest proportion in tubular (79%) and the lowest in lobular (50%) carcinoma patients. 50 BCT for ductal carcinoma in situ achieves satisfactory clinical outcomes 51 and is considered standard treatment for early-stage invasive ductal carcinoma (IDC). 52 The pathological and clinical characteristics of invasive lobular carcinoma (ILC) are distinct from IDCs. ILCs often lack specific manifestations on mammogram or ultrasound because of their non-localized, insidious nature. 51 The risk of developing contralateral new primary tumors is higher in ILC patients compared to patients with other histologic types of breast cancer. 8 However, evidence has indicated that BCT can achieve localregional control in ILC patients. 53, 54 Local recurrence rates and survival outcomes after BCT are similar in patients with ILC or IDC. 52, 55, 56 In the present study, BCS was most commonly performed in patients with papillary carcinoma, followed by patients with medullary and mucinous carcinomas. The prognosis of patients with medullary or mucinous carcinomas was generally favorable. [57] [58] [59] Previous studies have reported that patients with early stage mucinous carcinoma are suitable candidates for BCT. 60, 61 Mastectomy was the conventional treatment for patients with Paget's disease, 59 with 80.95% of patients in the present study, similar to a previous report. 62 BSC can be considered in patients with no presence of underlying neoplasm in the breast. 63, 64 There is an increasing trend in patients with Paget's disease to consider BCS; 65 however, all efforts should be undertaken to ensure local control. 66 Surgical treatment of breast cancer in China has changed over time. During the period of study, MRM was the most frequently used surgical modality, while 35.20% 46 The Chinese government initiated a mammographic screening program for breast cancer in 2004. 67 Since then, the proportion of hospitalized, operable, early-stage breast cancer patients has risen rapidly. 35 However, in the sample hospitals in our study, we found that the proportion of patients diagnosed with metastatic cancer or those with secondary tumors in lymph nodes gradually increased over time. This might be because of improvements in diagnostics or the fact that a greater number of advanced patients from Northern China travel to Beijing for treatment at top hospitals. The proportion of patients treated with NACT in Beijing continuously increased over the decade, particularly in patients with lymph node involvement. This is consistent with the results of a nationwide US study of 171 985 patients, 68 which reported that an increasing number of patients received NACT, subsequently contributing to the increased application of BCS. This might partly explain why the proportion of patients who underwent BCS in the present study was higher than in previous research. However, the proportion of patients undergoing BCS was still low in China compared to the US, where the rate of BCT was nearly 60%. 50 However, hospital-based epidemiological studies in China have reported that the proportion of early stage (stage 0-II) breast cancer patients was 60.0-78.6%, 31, 34, 35 indicating that BCS is underutilized for breast cancer patients in China. A retrospective study in Shanghai also reported that mastectomy remains the most prevalent surgical modality used to manage early-stage breast cancer. 69 Neoadjuvant chemotherapy was developed as a new approach against breast cancer that involved less dissection and achieved better clinical outcomes. In our study, 22.92% of female patients received chemotherapy prior to surgery, slightly higher compared to 17.4-17.7% in the US, 68, 70 but lower than the 35.2% of patients in South Africa. 71 The use of NACT is higher in younger than in older patients who do not commonly have contradictions, which is also consistent with the results of large studies conducted in Asia and the US. 68, 72, 73 In our study, the proportion of patients treated with NACT before RM (35.15%) and MRM (24.87%) was higher than BCS (22.02%), and patients with metastatic tumors (33.88%) most frequently receive NACT compared to other subgroups. Studies have shown that NACT did convert mastectomy patients to candidates for BCS and reduced the number of dissected lymph nodes. 26, 74 However, patient preference played an important role in surgical modality, 22, 75 particularly in the elderly subgroups preferred not to undergo BCS. More educational efforts are needed to make patients aware of the BCS option. Approximately one in five patients diagnosed with lobular, ductal, and mucinous carcinomas were administered NACT, which is more frequent compared with other types. Retrospective studies have shown that ductal carcinoma is more responsive to NACT. 76 A 2017 study revealed the possibility of less favorable outcomes in a lower proportion of histological types (medullary mucinous metaplastic and apocrine carcinoma, 71% in non-pathological complete response subgroup). 77 Previous studies have reported that ethnicity is a prognostic factor. 76, 78 However, few studies have examined the use of NACT for rare clinicopathological types of cancer, thus it has not yet been confirmed whether histological type is a prognostic factor.
We described the clinical characteristics of female breast cancer using HSRs. Such data is summary but highly accurate. Furthermore, as HSRs contain the records of all hospitalized patients, our sample size was relatively large. However, the limitations of the study must be mentioned. Although multiple admissions of one patient could be identified based on record code, patient transfer between hospitals or medical records at hospitals other than the sample hospitals could not be obtained. This may have caused underestimation in the proportion of patients administered NACT. However, as patients are not likely to transfer between top hospitals, repetition in our dataset should be negligible.
The surgical modalities used to treat breast cancer in women in China varied significantly by age and histologic group. The use of BCS and SM increased dramatically, while MRM declined significantly. The proportion of patients treated with NACT has increased significantly, especially in patients with lymph node involvement.
